The purpose of this article is to analyze the efficiency of electricity generation in photovoltaic systems located on the building made on the basis of HIT-IBC cells for multi-family residential buildings. The comparative analysis of the efficiency of electricity generation by photovoltaic (PV) installations made of two cell types -Heterojunction with Intrinsic Thin-layer-Interdigitated Back Contact (HIT-IBC) and classical mono-crystalline silicon (mono-Si) -showed that the efficiency of HIT-IBC cells is 60% higher. These cells were selected for use as photovoltaic systems located on the building to cover the demand for electricity through an exemplary multi-family residential building, consisting of 35 apartments divided into two, three and four-person households. Considering the previous calculations, in which it was shown that a PV installation made of HIT-IBC cells (PV1) is able to generate 192,75 kWh/(m 2 ·y), annual electricity production was calculated by the indicated photovoltaic installation. It was found that the photovoltaic installation located on the roof of the building, based on HIT-IBC cells, will allow to cover the total electricity demand by a selected multifamily building. In addition, the installation's payback period of 9 years was calculated, which takes a high place in the lifespan of photovoltaic installations of 20-25 years and thus ensuring the economic efficiency of the adopted technical solutions.
Introduction
Increasing electricity prices mean that the cost of using electricity receivers is the largest percentage of household budget spending in modern households. In order to preestimate electricity consumption in households, reference quantities should be used given in the study by the Baltic Energy Conservation Agency SA as part of the European Commission's program called "Electricity Efficiency (EL-EFF) Region -Improving Electricity Efficiency in 8 European Regions" [1] . The most important parameters needed to carry out the analysis of electricity demand include: the area of the flat, the number of people living in the household, the basic features of the building and the furnishing of rooms with electrical equipment. The analysis of the demand for electricity, for the analyzed multi-family residential building with calculations, was made taking into account the number of people living, divided into two-, threeand four-person households. The presented methodology is in line with the method proposed by the Central Statistical Office, which systematically conducts surveys of household budgets in Poland [2] .
The analysis was made on the basis of the laboratory results presented in the previous article [3] . The aim was to present a comparative analysis, taking into account operational conditions, ensuring maximum efficiency of photovoltaic systems located on the buildingbased on two photovoltaic cell technologies: PV1 -HIT-IBC cells based on monocrystalline silicon and PV2 -classic mono-Si cells [4] . In order to carry out the analysis, measurements were made taking into account the influence of the working temperature and the tilt angle of the cells and the intensity of solar radiation [5] .
Experimental procedures
A comparative analysis of the efficiency of electricity generation by building photovoltaic installations made of two types of cells -HIT-IBC (PV1) and classic cells of monocrystalline silicon (PV2) was carried out. The analysis was based on the results of measurements of both types of cells in laboratory conditions (Figure 1 ) [6] . Then, it was related to the actual environmental conditions corresponding to the location of the installation in Lublin, assuming that the installation area of both installations is the same. The first tested sample was a HIT-IBC cell, labeled as PV1, produced by the SunPower, with a surface of 0.0153 m 2 It follows clearly that the use of the PV systems, made of HIT-IBC cells, fits right in with the idea of energy efficient building while ensuring economic efficiency of the adopted technical solutions [9] . These cells have been selected for use as photovoltaic systems located on the building to cover the demand for electricity through an exemplary multi-family residential building, consisting of two, three and four-person households. The total number of apartments is 35, which will be inhabited by a total of 90 people. The place for the photovoltaic installation consisting of modules made of HIT-IBC cells will be the roof of the building with a total area of 508,2 m 2 [10] .
In order to best estimate electricity consumption in households depending on the number of people, it is necessary to know the electrical equipment used in home use and their parameters. Information on electricity consumption by individual electrical equipment is placed on the energy label specified by the manufacturer, which contains the data on the name and model of the device, as well as energy efficiency classes [11] .
The higher the class, the more energy-efficient and economical the device is. There are seven main groups from A to F, which classify devices in terms of their consumption of electricity. The letter A corresponds to the lowest electricity consumption, so that the device is more energy-efficient, while the letter F is the least economical equipment in operation. Devices that allow a high degree of energy savings are classified as "A +" or even "A +++" classes [12] . 
Results
Analysis of residential divided on two, three and fourperson households, was carried out for three levels of electricity consumption: high, medium and low. For each of these stages, 20 household appliances and radio/television (RTV) equipment with variable energy classes were specified. High consumption is characterized by equipment with the lowest energy efficiency classes, medium equipment used for average consumption, while low energy consumption uses the most energy-efficient equipment.
As a device with a changing energy class, a fridge, a dishwasher, a washing machine and a vacuum cleaner were specified. The number of people in the apartment determines the time of use of these devices, which translates into the electricity they consume and generated annual usage time. The smaller the number of people, the lower the use of equipment, and thus the greater savings from the electricity consumed. For other devices, the service life does not depend on the number of people, and the differences between energy classes in the consumption of electricity are so small that they have not been taken into account. Detailed information on the selected household appliances can be found in the following Table 1 .
Comparing three types of flats, one can notice a correlation between the number of people in the household and the demand for electricity. The fewer people are in a given apartment, the lower the electricity they consume. In the case of high consumption, the demand for electricity in relation to a four-person household falls by 12% in three- Figure 2 : Demand for electricity for three types of apartments [1, 2] person flats and by as much as 30% for double-family households.
The same applies to medium and low consumption. For average consumption, the percentage decrease is 11% and 29%, respectively for 2-people flat. However, for low power consumption, these values are 9% for apartments for 3 people and 31% for two-person households. These results are presented in Figure 2 [1, 2] .
According to the assumptions regarding the number of apartments in the building, an analysis of electricity consumption in four, three and two-person flats was prepared in a multi-family residential building consisting of 35 apartments: 18 apartments × 2 people, 12 apartments × 3 people and 5 apartments × 4 people. Double flats constitute 49% of all flats in a multi-family building, threeperson flats constitute 36%, while four-person flats constitute 15%. Based on the calculations and simulations carried out, total annual electric energy consumption was obtained, which is respectively for double apartments for high consumption, 31 297 kWh/y (for 18 apartments), for average consumption it is 25 534 kWh/y, while for low consumption it is 25 534 kWh/y, whereas consumption is 18 156 kWh/y. This represents 43% of the total electricity consumption of all apartments in a multi-family building. The presented data has been placed in Figure 3 .
In the case of three-person apartments for high consumption, this value is 27 960 kWh/y (in the case of 12 apartments), for average consumption it is 22 596 kWh/y, while the low consumption is 16 764 kWh/y. This represents 38% of the total electricity consumption of all apartments in a multi-family building. In quadruple apartments for high consumption, this value is 13 135 kWh/y (for 5 apartments), for average consumption it is 10 540 kWh/y, while low consumption is 7 555 kWh/y. This represents 19% of the total electricity consumption of all apartments in a multi-family building.
Double flats consume the most electricity in the total balance for a multi-family building, despite the smallest unit consumption. This is due to the largest number of such flats in the building. Regardless of the type of consumption, double flats constitute 43% of total electricity consumption, three-person ones -38%, and four-person apartments -19%. Detailed results for low electricity consumption are presented in Figure 4 below.
Considering the previous calculations, in which it was shown that a PV building installation with modules made of HIT-IBC cells (PV1) is able to generate 192,75 kWh/(m 2 ·y), annual electricity production was calculated by the indicated solar installation. A roof for a multi-family building While maintaining the same assembly conditions (roof of a residential building), it was calculated that the amount of energy that a solar installation composed of mono-Si cells placed on the roof is able to produce is 60 994,16 kWh/y. It is clear from this that the efficiency of installations with PV1 cells is 62% greater than the efficiency of installations with PV2 cells, assuming that in both cases the area occupied by the installations is the same. Assuming the least favorable case, which is the high energy consumption in households amounting to 72 392 kWh/y, the installation based on HIT-IBC technology is able to cover the total energy demand for a multi-family housing building divided into two, three and four-person flats, providing surplus electricity produced equal to 25 563,55 kWh/y. Regarding to the solar installation, which consists of mono-Si cells, the amount of electricity produced during the year is not able to cover the demand in case of high consumption, it would fulfill its role only for low or medium energy consumption in households. The coverage of electricity consumption for a multi-family building is shown in Figure 5 below.
For further considerations, a solar photovoltaic system built using modules of HIT-IBC cells was chosen because it covers the electricity demand in all three variants for the shown multi-family building. A photovoltaic system generating 97 955,55 kWh per year would have to have a power of about 97,9 kWp, so a power value of 100 kW was assumed for the calculation. It was assumed that the cost of 1 kW on grid PV installation is 5 000 PLN/kW, and this cost is affected by the type of construction (flat roof), type of roofing, length and thickness of cabling, components used and size of the installation. The cost of a 100 kW photovoltaic installation composed of modules with HIT-IBC cells is therefore 500 000 PLN. To calculate the payback time of the installation, an electricity price of 0,60 PLN/1 kWh and an installation lifetime equal to 20 years was assumed.
The analysis carried out above shows that the return time of a photovoltaic installation based on modules of HIT-IBC cells is 9 years, assuming an annual electricity production of 97 955,55kWh/y ( Table 2) .
Conclusions
The analysis was based on the results of measurements of both types of cells under laboratory conditions, and then referred corresponding to the real environmental conditions for the location of photovoltaic systems (Lublin), assuming that the total area of both installations is the same. The analysis showed that the efficiency of the system with PV1 cells was 60% higher than the installation of PV2 cells. When comparing two types of photovoltaic cells intended for the installation placed on the roof of the building, it clearly follows that the use of photovoltaic systems built of HIT-IBC cells fits into the idea of an energy-efficient building by fully covering the electricity demand of the multioccupied residential building consisting of two, three -and four-person households. At the same time, it may allow the use of surplus electricity produced for other purposes, including to power streetlights around the facility, or electric heating of nearby pavements or entrance of the building.
In addition, the installation's payback period of 9 years was calculated, which takes a high place in the lifespan of photovoltaic installations of 20-25 years and thus ensuring the economic efficiency of the adopted technical solutions.
